AO'A07«  964  LETTERMAN  ARMY  INST  OF  RESEARCH  SAN  FRANCISCO  CA  F/6  6/8 

INVESTI6ATI0N  OF  POSSIBLE  ANTITHIAMIN  PROPERTIES  IN  IRRAOIATION~ETC (U) 
AU«  79  EL  MC60HN»  C  M  LEMIS*  P  P  WARING 
UNCLASSIFIED  LAIR-72  NL 


U 


i 


DOC 


ODC  FILE  COPY  ADA0749  64 


INVESTIGATION  OF  POSSIBLE 
ANTITHIAMIN  PROPERTIES  IN 
IRRADIATION  STERILIZED  CHICKEN 


EVELYN  L.  McGOWN,  PhD 
CAROLYN  M.  LEWIS,  MS 
PAUL  P.  WARING,  8S 


DIVISION  OF  NUTRITION  TECHNOLOGY 


Reproduction  of  this  document  in  whole  or  in  pan  is  prohibited  except  with  the  permission  of  Uttennan 
Army  Institute  of  Research,  Presidio  of  San  Francisco,  California  94129.  However,  DDC  is  authorized  to 
reproduce  the  document  for  United  Sutes  Government  purposes. 

Destroy  this  report  when  no  longer  needed.  Do  not  return  it  to  the  originator. 

Citation  of  trade  names  in  this  report  does  not  constitute  an  official  endotsement  or  approval  of  the  use 
of  such  Items. 


In  conducting  the  research  described  in  this  report,  the  investigators  adhered  to  the  “Guide  for  the  Care 
Md  Use  of  Laboratory  Animals.”  as  promulgated  by  the  Comittee  on  Revision  of  the  Guide  for  Laborator,' 
Animal  Facihoes  and  Care  of  the  Institute  of  Laboratory  Animal  Resources,  National  Research  Council. 


(Date) 

This  material  has  been  reviewed  by  Unerman  Army  Institute  of  Research 
and  there  is  no  objection  to  its  prcscnution  and/or  publication.  The  opinions 
or  assertions  contained  herein  are  the  private  views  of  the  author  and  are  not 
to  be  construed  as  official  or  as  reflecting  the  views  of  the  Department  of  the 
Army  or  the  Department  of  Defense.  (AR  360-5) 


i'Mn.ASsinrn _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 

REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

LAIR  Institute  Report  No.  72 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  title  fAnd  SuIX/H.J 

LNVKSTICATIOM  OF  FOSSIhLi;  ANTITllIAMIII  PROPERTIES 

IN  IRRADIATION  STERIM^.ED  CHICKEN  -  ^ 

5.  type  of  report  a  period  covered 

Final  Report 
^  Sep  1978-.'  Feb  1979 

^  eEeeoewHHG  orq.  report  number 

■  AUTHORf*;  j 

Evelyn  I,.  McCowi,  PhD;  Carolyn  H. /Lewlsj,  MS; 
andi  Paul  P.j  K'arinfi^  TTR 

8.  contract  or  grant  NUMBERf's; 

9.  PEREORMINC  ORGANIZATION  NAME  AND  ADDRESS 

Division  of  Nutrition  Technolopy  (SCRD-ULN) 
I.etterman  Amy  Institute  of  Research 

Presidio  of  San  Francisco,  CA  9A129 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  A  WORK  UNIT  NUMBERS 

Project  No.  DL  47 

Work  Fntt  fOOS 

II  CONTROLLING  OFFICE  NAME  AND  ADDRESS  , 

L'S  Army  Medical  Research  and  Development  Command^ 
Fort  Detrlck 

Frederick,  MD  21701 

REPORT  DATE 

AuJIUSt  1979  '' 

13-  NUMBER  OF  PAGES 

47 

14.  MONITORING  AGENCY  NAME  6  AOORESSfK  dUfdrenl  Irom  ConlralllnS  Office) 

'J 

15.  SECURITY  CLASS,  (of  thia  report) 

LICCT,APSIFTEn 

15a.  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (ot  thiB  Raporl) 

THIS  DOCITIENT  HAS  BEEN  APPROVED  FOR  PI'HLIC  RE.l.EASE  AND  SATE.;  ITS  DISTPIBUTION 

IS  UNLIMITED. 

17.  DISTRIBUTION  STATEMENT  (of  tho  mbotract  anterod  In  Block  20,  If  different  from  Report; 


18.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  (Continue  on  reveree  aide  If  neceeaery  and  Identify  by  bfock  number; 

Irradiated  Cliickon,  Antithiamin,  nntivitamin,  thinmin,  transketnlnsp,  tlii.amin 
pyrophosphate  (TI’P)  effect 

t 


20.  ABSTRACT  fCoirffiaue  an  rereree  e/A  tf  neceeeaay  aatd  IdenJlty  by  block  number) 

,  Male  an<!  female  rats  (156  each)  wore  made  tliianin-def iciont  liy  foodlo''  a 
scni-purlf led  diet  devoid  of  thinmin.  They  v;erc  then  replete('  with  various  test 
diets  containinr  chicken  which  liad  been  preserved  hv  one  of  four  methods:  fro¬ 
zen,  thermally  processed,  electron  or  framria  irradiated.  All  renletion  diets 
contained  carefully  controlled  (marginal  or  hiph)  levels  of  thiamin.  Kecovcrv 
rates  were  monitored  hv  growth  (welpht  pain)  and  neasurements  of  a  thi.amin- 
dependcnt  blood  enzyr'o  (erythrocyte  transl:otol  ase)  .  The  responses  of  rats  fed 


DD 


romt 

I  JAM  73 


1473 


EOinOM  or  t  NOV  65  IS  OBSOLETE 


IIMChAPSTFII'D 


SECURirr  CLASSiriCATtON  or  this  page  nmlB  EnirrBd) 


/ 


L'NCLASSIFIi:!) 


security  classification  of  this  PAGE(inian  DUm  Enirnd) 


20,  irradiated  chicken  were  similar  to  those  fed  frozen  or  thermally 

processed  chicl;cn.  No  evidence  was  found  of  antithiarin  substances 
in  either  Ramma  or  electron  irradiation  sterilized  chicken. 


NNCLASSIFIED 


security  classification  of  This  PAGEr>*Ti»n  Dmim  Bnieredl 


ABSTRACT 


Male  anti  ferialc  rats  (156  each)  were  made  thlaDln-def Irlent  b 
feedinr,  a  seni-purlf led  diet  devoid  of  thiamin.  They  ^^7ere  then 
repleted  with  various  test  diets  containing  chicken  whicli  had  hcen 
preserved  by  one  of  four  methods:  frozen,  thermally  processed, 
electron  or  gamma  irradiated.  All  repletion  diets  contained  care¬ 
fully  controlled  (marginal  or  high)  levels  of  thiamin.  Recovery 
rates  were  monitored  by  growth  (weight  gain)  and  measurements  of  a 
thiamin-dependent  blood  enzyme  (erythrocyte  transketolase) .  The 
responses  of  rats  fed  irradiated  chicken  were  similar  to  those  fed 
frozen  or  thermally  processed  chicken.  No  evidence  was  found  of 
antithiamin  substances  in  either  gamma  or  electron  irradiation 
sterilized  cliicken. 
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RF^ORT  OF  THF  OUALITY  ARSl’RAKCF  IR;TT 


Sumnary  and  Conclusions:  This  study  and  draft  of  the  final  rcpritt 
dated  30  April  1979  have  been  cxanlned  and  found  to  have  boon  condiirtod 
as  descril'od  in  the  protocol.  Its  addenduin,  and  In  the  standard  oporat- 
Inp,  procedures.  The  data  tiave  been  audited  and  the  reported  results 
were  found  to  accairately  reflect  the  raw  data. 

Inspections:  Written  records  were  not  nade  of  inspections  until  2(' 

March  1979,  (>n  that  date  record  vms  made  to  the  best  of  neTtor'.'  of 

previous  inspections.  Following  that  date  written  record  was  nade  of 
all  inspections  at  the  time  of  inspection. 

lb  October  1978:  Inspected  animal  rooms  and  feeding  and  weij'hinp, 
operations.  Mo  recommendations  v;ere  made. 

Movember  1978;  Inspected  erythrocyte  transketolase  assay.  Mo 
reconmendations  were  nade. 

Februarv  19  79;  Mr.  Paul  I'arlng  advised  the  Quail  tv  Assurance  T’nit  of 
a  dovmward  shift  in  the  recovery  of  the  controls  used  in  the  ervthro- 
cyte  transketolase  assav  from  ne.cember  12  nnv’ard  to  the  conclusion  of 
the  study.  he  provided  tlie  Quality  Assurance  Pnit  \’irb.  documentation 
and  speculated  that  the  samples  and  controls  nay  have  been  war’-'ed 
during  a  defrostiTpa  of  the  freezer  in  which  thev  had  been  store<U  He 
advised  manapemont  that  data  collected  from  December  12  onward  to  tht- 
conclusion  of  the  study  be  multiplied  by  a  correction  factor  of  I.IA. 

The  Oualitv  Assurance  Mnlt  requested  an  amendment  to  the  standard 
operatlnr  procedure. 

2b  dulv  1971)  to  1  August  1979:  Draft  of  t)ic  renort  dated  30  \pri,l 
was  reviewed  and  the  data  audited.  The  amendment  to  tlie  ervthrt'cvt  t- 
transketolase  requested  in  February  had  not  vet  been  receivet'.  Thi*-- 
v>^as  requested  and  received.  This  draft  accuratelv  describei  the  methods 
and  standard  operating  procedures  used  and  the  reported  results 
accurately  re.flectetl  the  raw  data. 

I’resent  Recomondat ion  to  Management;  An  archive  unit  needs  to  be 
established,  in  which  to  store  the  data. 


WII.LIAM  R.  WTSF,  JR. 
QUALITY  ASSURAMrr,  MOTHTOR 
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IHTIUIIH’CTTO'J 


The  testinR  of  control  and  Irradiated  wats  for  antlnetabolite 
activity  against  vitanins  and  is  a  requlrenent  of  tlie  protocol 
entitled  "Aninal  Feeding  Protocol  for  Irradiation  Sterilized  Test 
Foods"  originated  by  the  Office  for  tb.e  bTiolesoneness  of  Irradiated 
Foods,  US  Amy  Medical  Research  and  Devclopnent  Connand  (USAMRllC)  , 
dated  21  October  1‘'75. 

The  purpose  of  the  study  reported  here  was  to  dctornlne  \diether 
irradiation  (ganna  or  electron)  or  thernal  processing  of  clticken 
produces  factors  wliich  are  antagonistic  to  vltanin  Bj  (thianin)  in 
the  diet  of  rats. 

The  protocol  for  the  antithianin  sttidy  specified  that  rats  were 
to  be  nade  deficient  in  thianin  (according  to  a  pre-set  weight  gain 
criterion).  They  were  then  to  be  repleted  with  various  chicken- 
containing  or  seni-purif led  diets  which  had  identical  (high  or  low) 
thianin  contents  and  the  recovery  rates  nonitored.  decreased 

recovery  rate  in  aninals  fed  irradiated  neat  relative  to  those  fed 
control  neat  would  indicate  the  presence  of  an  antithianin  substance. 

Resunption  of  weight  gain  v;as  the  obvious  indicator  of  recoverv 
from  thianin  deficiency.  The  other  (nore  f..nsitive  and  specific)  para- 
neter  of  thianin  status  was  specified  to  be  erytlirocvte  transketolasc 
(FTIC)  activitv.  This  enzyne  is  active  only  in  the  presence  of  a  thianin 
derivative,  thianin  pyrophosphate.  The  activitv  of  the  enzyne  drops 
rapidly  in  red  cells  of  aninals  fed  diets  deficient  in  thianin.  Also, 
in  vitro  addition  of  thianin  pyropliosphnte  (TPP)  cofactor  produces  a 
greater  (7.)  increase  in  enzynatic  activity  in  henolysates  fron  deficient 
aninal  than  fron  nondeficient  controls.  This  vitro  stinulation, 

"TPP  effect,"  is  considered  to  be  indicative  of  the  percent  apoenzvne 
which  is  not  saturated  with  cofactor. 

The  protocol  specified  that  the  meat  diets  contain  .35';  test  neat 
(on  a  dry  weight  basis).  Furthernore,  it  specified  that  each  neat 
1)C  tested  at  2  levels  of  vitamin  Intake,  a  marginal  level  and  a  high 
level.  The  high  thianin  diets  were  included  to  deternine  whetlier  or 
not  any  antithianin  substances  (if  detected)  could  be  overcome  by 
additional  vltanin. 

All  test  meats  originated  fron  one  lot  of  chicken  which  had  been 
heated  to  inactivate  enzymes.  This  lot  was  divided  into  four  parts 
and  each  was  further  prepared  for  storage  bv  one  of  the  following 
treatments;  1)  frozen  (control),  2)  canned  (thermally  processed),  3) 
ganna  Irradiated,  4)  electron  irradiated.  The  last  three  treatments 
produce  shelf— stable  products  and  are  known  to  cause  decreased  vitamin 
content.  Finally,  the  protocol  specified  the  inclusion  of  groups  fed 
dry,  seni-purifled  diets  without  chicken. 
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The  orij’inal  protocol  had  specified  that  the  two  thinnin  levels 
he  5.0  and  20.0  np  thianln/kp,  diet,  however  prellnlnarv  studies  In 
this  lahoratorv  siippested  that  there  was  little  difference  In  KTK 
response  in  thiarin-def Iclent  rats  repleted  at  5.0  or  20.0  np/Vp. 

(For  furtlier  comnents  concerning  the  levels  of  tliianin  in  repletion 
diets,  see  tlie  previous  report  fron  this  lahoratorv  on  the  antithianin 
properties  of  irradiated  beef  (1)).  In  the  present  study,  the  raarpina? 
thianln  level  was  lovjered  still  further  to  3.0  np/l'-P  diet  to  enhance 
the  differences  in  response  between  the  hiph  and  low  vitamin  groups 
and  thus  to  ensure  that  any  antithiamin  properties  (if  present)  could 
he  detected. 


Mr.THODS 

Processing  of  Chicken.  All  test  meats  wore  supplied  by  the  I'.F.  Army 
Natick  Pvesearch  and  Development  Command,  Katick,  MA.  They  were  pro¬ 
cessed  according  to  the  procedure  outlined  in  Appendix  A  of  the  protocol 
described  in  paragraph  1  of  page  1. 

F.nzyme  Inactivation;  Chicken  breasts,  thighs  and  legs  were  debonet!, 
skinned  and  ground,  then  mixed  with  sodium  chloride  (7.5  p/V.p  chicl  en)  , 
sodium  tripolyphosphate  (3.0  g/kg  chicken)  and  crushed  ice  (30  p/l'.p 
chicken).  The  ground  chicken  v/as  tlien  placed  in  fibrous  casings  and 
pressed  into  v.-ire  capes.  It  was  cooked  in  this  form  for  two  hours  at 
a  Dry  Bulb  Temperature  of  63  to  68°C  and  a  Wet  Bulb  Temperature  of 
A6  to  52  C,  after  v.diich  it  was  cooked  at  temperatures  un  to  BP  C  iinfil 
the  internal  temperature  reached  73  to  77  C.  After  cooking,  tb.e  rhirken 
was  spray  washed  for  20  to  30  minutes  v;ltli  cold  tap  water  and  then 
refrigerated. 

All  chicken,  except  that  to  be  electron  irradiated,  was  placed  in 
cans  sealed  under  vacuum  and  frozen.  Chicken  to  be  electron  irradiated 
was  placed  into  rectangular  pouches,  sealed  under  vacuum  and  frozen 
until  irradiated.  Cans  of  chicken  to  bo  used  as  the  frozen  control 
were  not  processed  further  but  remained  frozen  until  used.  To  prepare 
thermally  processed  chicken,  cans  of  chicken  were  heated  to  1 15. 6^C 
for  159  minutes  according  to  conventional  commercial  practice  resulting 
in  a  sterilization  value  of  not  loss  than  Fo=6.0. 

Canma  Irradiation:  Chicken  packaged  in  cans  was  irradiated  in  the 
frozen  state  using  tlie  Co-60  facility  of  the  Radiation  kaborntorv  at 
the  US  Army  Natick  Laboratories,  Natick,  Massachusetts.  The  dose  of 
radiation  absorbed  was  between  4.7  and  7.1  million  rads  (Mrads) . 

Electron  Irradiation:  Chicken  packed  in  pouches  w’?s  irradiated  (while 
frozen)  by  the  electron  linear  accelerator  (Linac)  facilitv  of  the 
Radiation  I.aboratory  at  the  UR  Army  Natick  Laboratories,  Natick, 
liassachiiset ts .  The  electrons  v?ere  delivered  in  pulses  of  approximatelv 
5  microseconds  and  with  a  pulse  repetition  rate  of  apnroyinatelv 
180  pulses  per  second.  The  electron  energy  spectrum  was  allowed  to 
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peak  between  9  and  10  million  electron  volts  (MeV)  during  irradiation 
of  the  chicken  with  a  full  width  of  half  maximum  of  0.5  MeV  or  less. 

Animal  Care 


Male  and  female  weanling  rats  (156  each)  were  purchased  from 
Charles  River  Breeding  Laboratories,  Wilmington,  Mass.  Each  animal 
was  identified  by  ear  tap  and  individually  caged  in  a  room  with  a 
12-hour  light/dark  cycle.  All  V7ere  given  ^  libitum  water  and  fed 
a  semi-purified  diet  (Table  1)  containing  20.0  mg  thiamin/kp  diet. 

The  schedule  and  diet  codes  for  the  studies  are  outlined  in 
Table  2.  After  one  week  of  quarantine  and  adaptation  (Phase  1),  2k 
rats  were  selected  at  random  to  remain  on  diet  A.  All  other  animals 
were  placed  on  diet  B,  which  was  identical  to  diet  A  except  that 
thiamin  had  been  omitted  (Phase  2).  Growth  was  monitored  throughout 
the  study  by  thrice  weekly  weighings.  Animals  on  diet  B  were  considered 
to  be  deficient  v/hen  the  average  daily  weight  gain  was  less  than  0.5 
grams.  The  deficient  animals  were  then  randomly  divided  into  11  groups 
of  12  animals  each.  The  24  diet  A  animals  were  also  divided  into  2 
groups  of  12  each.  One  group  of  12  diet  A  rats  and  one  group  of  12 
diet  B  rats  were  bled  by  cardiac  puncture  and  removed  from  the  studv. 

The  remaining  10  groups  of  deficient  animals  were  placed  onto  10  dif¬ 
ferent  repletion  diets  (C-L)  and  the  remaining  diet  A  group  was  continued 
on  diet  A.  The  repletion  period  (Phase  3)  lasted  4  v.’eeks. 

Diet  Preparations 

Proximate  analvses  of  the  chicken  (crude  fat,  protein,  moisture, 
and  ash)  were  done  by  standard  methods  (2).  Calcium  and  phosphorus 
determinations  were  also  done  (3,4).  Thiamin  assays  were  done  bv  a 
microbiological  method  which  utilizes  Lactobacillus  virldescens  as  the 
test  organism  (5).  The  results  of  these  assavs  are  summarized  in 
Table  3. 


As  specified  by  the  protocol,  the  meat  diets  were  formulated  to 
contain  35%  (dry  weight)  chicken.  The  fat  and  protein  levels  of  the 
semi-purified  diets  (Table  1)  were  adiusted  to  be  similar  to  the  meat 
diets,  based  on  calculations  from  proximate  analysis  data.  For  each 
of  the  meat  treatment  groups  (E  through  L)  a  drv  premix  with  fat  and 
protein  omitted  and  containing  the  proper  amount  of  tlilamin  was  prepared 
in  advance.  IJhen  mixed  with  the  corresponding  meat  (35%  dry  weight  basis) 
the  complete  diets  contained  the  specified  levels  of  thiamin  and  were 
similar  to  tlie  semi-p>irlf led  diets,  except  that  ground  chicken  replaced 
the  casein,  lard,  and  com  oil.  Analyzed  thiamin  contents  of  repletion 
diets  are  given  in  Table  4.  The  calcium/phosphatc  ratio  of  the  meat 
diets  was  calculated  to  be  1.294  compared  to  1.25  in  the  semi-purified 
diets;  therefore,  no  adjustment  V7as  made  in  these  ti70  minerals. 

Each  meat  was  grotind  through  a  1/4  inch  plate  and  mixed  with  its 


3 


corrpspfmd inr  drv  premix  in  thn  specified  ratio.  The  diets  were 
prepared  no  lonper  in  advance  of  feedinp  than  2h  hours.  Tach  feed 
iar  was  weipt'ed  wtien  nlaced  into  and  renoved  from  ti>e  cape  to  allow 
estimates  o*"  fond  ronsnmptinn.  The  diets  renaine'^  in  the  rapes  no 
lonper  than  hours  before  heinp  replaced  hv  fresh  diet  in  dean  iars. 
Feed  iars  containinp  each  diet  were  also  placed  in  emptv  capes  to  serve 
as  evaporation  controls. 


Rlood  Sariplinp  and  Analvses 


Rlond  samples  were  obtained  bv  cardiac  puncture  from  all  rats  on 
davs  7,  14,  and  27  of  repletion.  (Tlie  last  samplinp  was  set  at  dav  27 
rather  tb.an  dav  2^  to  avoi(i  Thankspivinp  hnlic'av.)  The  animals  were 
anesthet ip.ed  with  nenthrane  pas  and  samples  (I."!  ml  each)  ^.'ore  collected 
into  rnTA-contai nlnp  svrlnpes.  Hematocrit  determinations  were  done  in 
duplicate  on  each  sample.  Alirpiots  of  each  were  centrlFuped,  tb.e  red 
cells  T.’ere  vmshed,  hemolvxed  and  stored  frozen  until  assaved.  Frvthrocvte 
transketolase  (FTK)  activitv  was  determined  in  the  presence  and  absence 
of  a<ided  thiamin  pvrophosph.ate  (TPH)  by  a  method  based  on  that  of  Fmeets 
et  al.  (Cl)  but  adapted  for  the  autf)anal vzer  ('-.'arinp,  F.P.,  et  al  . ,  Tn 
Preparation)  .  Fnzvmatic  activitv  was  expressed  as  =  T,T'./m]  pac’  ed 

red  cells  where  T.H.  =  pmole  plvceraldelwde-l-ptiosphate  (HIP)  produced 
per  minute  at  17  F.  The  stimulation  in  activitv  in  the  presence  of  TPh 
"as  calculated  as: 


TPP  F.Ffect 


[  FTl^  stimulated  -  FTK  unstimulated^  (IFF) 
FTK  imsttmulated 


Fualltv  control  summaries  are  presented  prapbicallv  in  Ftaures  1 
and  2.  Tn  both  fipures,  the  dotted  lines  represent  2  standard  devia¬ 
tions  on  either  side  of  the  means  (solid  lines).  Fipure  1  illusrratec 
the  dav-to-dav  chart  unit  response  to  3  different  concentrations  o!"  FIF 
added  to  a  carrier  hemolvsate.  (The  carrier  v:as  a  comppeji  to  of  h’oo.^ 
samples  nreparerl  in  advance  and  frozen  in  alintiots  for  use  throupbout 
the  studv).  Tn  addition  to  the  carrier,  two  other  hemolvsates  v.’oro 
prepared  in  advance  and  frozen  in  aliquots  for  nualltv  control  purnoses: 
FF,  a  composite  of  blood  samples  from  non-deficient  rats  anc'  a  com¬ 
posite  of  blood  samples  from  thiamin-deficient  rats.  2  illustrates 

the  dav-to-dav  FTK  activitv  values  (and  the  coefflciopts  of  variation) 
obtained  for  ff,  FP  and  the  carrier.  All  three  controls  dropped  bv  an 
averape  of  lAT  on  assav  davs  17-27  comnared  tn  the  first  If.  (The  reason 
for  the  drop  is  not  known,  but  a  transient  warminp  d^irinp  freezer  de- 
frostinp  is  suspected).  Since  the.  cliart  unit  responses  remained  constant 
throupbout  the  sttidv  and  apparent  FTK  activitv  in  all  three  control 
hemolvsates  dropped  equivalently,  their  values  in  Fip.ure  2  and  all 
samples  assaved  on  those  davs  have  been  adiusted  up  bv  lA'". 


Data  Acquisition  and  Handlinp 


Animals  were  v.-eiphed  usinp  an  electronic  balance  interfaced  t'^ 
a  proprammable  calculator.  The  weipbt  data  were  permanertlv  printed 


on  papor  tapo  and  rorordei'  on  a  piniatnrc  tapo  c:arrridpe.  Tiie 
lnfnrpatif)n  on  tlio  nap.notic  tapo  was  thon  transforrod  to  a  iilnlofinnutor 
(Data  (Jenpra.l  Krlit>sp  r,330)  to  )'o  prof-essod  and  roloasod  in  roport  for- 
nat.  F’roprans  for  transforrinp  and  prorossinp  the  data  v;ero  dovoinped 
locally  in  tlio  Infornation  Sciences  Gro>ip, 

Fry throcyre  transketolane  data  were  recordeci  in  diy.ital  print-out 
forn,  on  paper  tape  fron  the  auto-analyzer.  These  data,  as  well  as 
the  henatocrit  values,  were  nanuallv  transferred  to  tlie  cnnputer  tlirouph 
a  renote  terninal.  All  prnprans  to  process  enzvnntic  data  were  developed 
hy  personnel  in  ttie  Division  of  I.utritinn  Technolopv. 

Statistical  Analysis  of  F.rvthrocy to  Transketolase  Data 


The  neasurenents  taken  on  the  three  sanple  davs  (7,  14,  and  27) 
were  analv7,e<f  separately  for  the  effects  of  the  deslpn  variaMos  (i.e. 
diet,  level  of  thianln  and  sex)  alonp  with  tlieir  interactions  on  F.TK, 
KTK-stinul ated  ancf  TPP  effect. 

Baaed  on  the  assunptlons  of  nornality,  statistical  indenondonce 
and  the  equality  of  siibproiip  variances,  three-v;nv  analvses  of  variances 
were  perforned  with  a  packaged  conputor  propran,  B?S^P  Bionedlcal  Con- 
piiter  Propran  P2V  (7) ,  The  analyses  revealed  that  the  effects  of  diet 
ant!  level  of  th.iap^n  were  different  for  the  difft^rent  sex  proups.  '^hua 
it  was  declt'ed  to  separate  the  analyses  furtlier  between  tlie  sox  proups 
and  a  two-wav  anal''Sis  of  variance  \;aR  perforned  on  each  of  the  three 
(!ependent  varialiles  to  detemine  the  sipnifirance  of  the  two  nain 
effects  (diet  and  thianln  level)  and  ttieir  interactions. 

The  follot/lnp  nodel  was  used  in  tl\e  t^'o-way  analvses  of  variances: 

v=n+a.  +b.  +  ab . .  +  e 

1  .1  1.1 

where  v  =  t!ie  observed  DTK 

n  =  overall  nean  effect 

a.(^  =  effect  due  to  diet  protin 

1'^  =  effect  due  to  thianln  level 

abj^.)  =  effect  due  to  diet  by  thianln  level  Interaction 
e  ='  error  tern 

Dtinnetts  netliod  of  nnltiple  coriparisons  (8)  was  used  to  test 
potentially  sipniflcant  differences  br..ween  specific  treatnent  proups. 

RF.FIT.TF 


Ol'servatlons  on  Orov.'th 


Growth  (v'ciphr)  ctirves  for  the  nales  are  shov.^i  in  Fipures  3-8 
and  for  the  fenale.s  in  Fipures  9-14.  (Phases  1  and  2  are  renrese.nted 
in  Fipures  3  am!  9.)  Groups  A  and  B  were  Indistlnpuisbable  for  at  least 
10  days  after  the  heplnnlnp  of  phase  2  and  then  cessation  of  prowth  In 
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.nnln.ils  on  the  defirlont  diet  vna  rennrl.ahly  al'nipt.  Both  males  ami 
females  net  tlu>  criterion  for  deficiency  (xjcipiit  pain  less  than  0.5  g/day) 
lA-lf)  days  after  l)einp  placed  on  tiie  tiiiamin  deficient  diet. 

Figures  4-8  and  Figures  10-14  sliox;  the  groxJtii  curves  for  all  groups 
on  tile  various  repletion  diets.  Tlie  groxv'tii  curve  of  Group  A  has  I'een 
incltuieci  in  each  figure  (daslieti  line).  A  striking  obser'xation  was  tlie 
fact  tliat  x;Iien  the  thlamin-def Irlent  anlnnls  x^xere  plareii  on  tlie  renletion 
diets,  all  cliicUen-fed  groups  gained  faster  tlian  those  repleted  on  senl- 
piirified  diets.  In  fact,  xiithin  two  x^eeks  all  grouns  on  cliicken  diets 
liad  caught  up  to  tlie  non-deficient  group  and  the  females  hax’  strikinglv 
sxiri'assed  their  Group  A. 

A  fex;  acrifiental  deaths  occurred  as  a  result  of  the  anesthesia  or 
carxiiac  puncture.  These  losses,  as  well  as  the  stresses  of  hleet’lng 
all  animals,  resulted  in  potentiallv  misleading  shifts  in  some  growth, 
curx'es  after  days  7  and  14.  To  eliminate  the  potentiallv  misleading 
effects  of  animal  deaths  on  g,roup  means,  the  grox-.’th  data  x.’ere  recalcu¬ 
lated  and  exnressed  as  moan  x;eig,ht  g,ain  per  group  per  dav.  Tables  5 
and  fi  summarize  the  average  daily  v;eight  gain  for  the  m.ales  am'  females 
for  weeklv  periods  as  well  as  the  overall  means  for  the  four  weeks  of 
repletion.  IJo  consistent  effect  of  vitamin  level  on  x,7elght  gain  x.’as 
found,  nor  x.'ere  there  any  differences  observed  betx.'een  chlrk.en-fed 
groups.  As  pointed  out  above,  the  average  gains  for  animals  fed  semi- 
purified  diets  xcerx’  less  than  those  for  the  meat-fed  groups.  The  dailv 
mean  weight  gains  from  tdiich  the  numbers  in  Tables  5  and  6  x-xere  calcu¬ 
lated  are  Included  in  Tables  7  and  8. 

Results  of  F.rytlirocvte  Transketolase  (FTK)  Analyses 


Ervthroc.vte  transketolase  (}'T}‘)  data  (unstirulatcd)  arx-  sui'rarizex! 
in  Table  h  .and  nresented  graphically  by  da''  in  Figures  15-20.  in  each 
figure,  the  far  le*'t  bar  represents  Group  A  (non-deficient  animals). 

G.roup  B  means  (representing  the  cieficient  animals  at  dav  0,  before 
repletion)  haw  been  dotted  in  to  aid  visual  conjiarisons .  Tlie  bars  are 
palrcxl  together  according,  to  food  group  and  in  each  pair  the  open  and 
diagonally  hatched  bars  represent  loxj  .and  high  vitamin  level,  respertix’elv. 

Before  repletion,  the  deficient  animals  (Group  11)  hax'  FTK  activities 
20  -  252,  of  the  levels  oliserved  ixi  non-deficient  controls.  From  Figures 
11  and  lb,  it  is  obvious  that  within  7  days,  FTK  activity  of  these  animals 
had  incrxxased  strikingly  regardless  of  the  repletion  diet.  Smaller 
Increases  were  observed  in  all  groups  on  da''  14  and  in  the  females  on 
day  27.  The  high  x'itanin  group  in  each  pair  of  repletion  diets  consist- 
entlv  had  the  higher  FTK  activity.  At  27  davs,  all  e'cnerlmentnl  group 
mtians  (both  high  .and  lox;  vitamin  levels)  were  still  Inx-or  than  Group  A 
means  (Figures  15  and  18). 

In  contrast  to  the  enzymatic  activities,  the  in  vitro  effect  of 
TFR  cofactor  x.ias  not  greatly  influenced  by  thiamin  status  or  die.tarv 
treatment  (Table  10).  Although  tlie  Groxip  B  males  did  have  a  higher  mean 
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TPP  effect  than  Group  A  (and  ctIso  a  hipji  standard  deviation),  there  was 
no  difference  hetx/een  the  correspondlnp  ferale  (’roups. 

Statistical  Analysis  of  Ervthrocvte  Transke tolase  Data 


Two-wav  analyses  of  variance  (diet  and  vltarln  level  as  Hrcniplnp 
factors)  v;ere  done  on  the  ETh  data  fron  Gro>ips  C  -  L  and  P  values  are 
presented  In  Table  11.  The  onzynatic  paraneters,  ETl’,  ETK-stiriilateil 
and  TPP  effect  will  ho  discussed  separately. 

1.  E.TK  and  ETK-st inulated  (both  related  to  the  amount  of  enzvne 
present)  . 

Sl^;niflcant  differences  were  found  between  the  hlph  and  lot/ 
vitanin  (jrotips  on  all  three  days  in  hotli  male  and  female  (troups.  h'o 

effect  of  diet  was  fotmd  in  the  males,  except  on  dav  7  (P  =  0.03  and 

0.05  for  ETK  and  ETbC-stimulated) .  This  was  probably  due  to  the  hiph 
means  of  Groups  .T  and  L  (both  hiph  vitamin,  irradiated  proups)  on 
that  dav.  The  females  shot/ed  no  difference  between  diet  protips  except 
on  day  14  (P  =  0.03  and  0.05).  This  effect  may  be  attributed  to  the 
difference  between  Groitps  C  and  G  (low  vitamin:  seml-piirif led  and 
thermal  diets),  tims  there  was  no  consistent  effect  of  diet  on  EtK 
activity. 

Since  the  lo\'  vitamin,  irradiated  meat  Groups  I  and  K  were 

consitlered  ttie  crucial  test  (’roups,  these  two  were  examined  more  closely 

with  respect  to  the  corrcspondlnp  frozen  cliicl:en  proup.  In  no  case  was 
an  irradiateti  proun  mean  found  to  be  sufficiently  lower  tlian  the  frozen, 
proup  to  warrant  fiirther  scrutiny. 

2.  TPP  Effect  (related  to  the  %  unsaturation  of  enzyme  with  cofactor). 

?!o  effect  of  diet  v;as  found  on  TPP  effect.  There  was  a  si(’nificant 
effect  of  vitamin  level  in  the  males  only  on  Jay  7  (P  =  0.0(14).  Inter¬ 
actions  appeared  In  the  males  on  day  14  (P  =  0.04)  and  females  on  dav  7 
(P  =  0.05).  Thus  the  TPP  effect  appeared  to  be  unaffected  by  filet  or 
thiamin  status. 


niSCbSSION 

In  tJie  pre.sent  stndv,  absolute  ETi;  enzyme  activity  rather  than 
V.  stimulation  bv  cofactor  was  the  more  sensitive  index  of  thiamin 
status.  ETE  in  deficient  animals  had  dropped  to  20-35  of  that  present 
in  non-deficient  animals.  Ttie  resj’onses  of  animals  repleted  \’itli  low 
tlilamln  Intake  were  slpnlf icantly  less  tlian  those  of  animals  renl.eted 
wltli  hi(;li  vitamin  Intake,  ETE  actlvltv  in  the  marpinal  thiamin  proups, 
thus  provided  valid  test  systems  for  the  presence  of  anti  thiamin 
substances.  No  evidence  of  any  tliianln  antaponism  was  detected. 

ETE  activity  In  thiamin  deficient  rats  Increased  2-3  fold  within 
7  days  durinp  repletion,  but  still  averaped  approximately  60%  of  the 


activity  of  nnn-rlcf Icicnt  aninals.  Those  facts  inrilcato  t!iat  not  all 
of  the  decreased  F.'!’!'  activity  in  deficient  aninals  v;as  due  to  an  ahsf)- 
Inte  loss  in  enzyme.  Nearl'’  half  of  the  enzyme  remained  clrculatinp 
as  inactive,  hut  intact,  apoprotein,  ready  to  be  reactivated  hv  the 
appearance,  (in  vivo)  of  tlie  vitamin.  The  slov’er  rise  in  F.Tl’  activity 
after  tlie  first  veel;  of  repletion  is  presumably  limited  by  red  cell 
turnover  rate,  i.e.  maximal  FT!',  activity  t-.'ould  not  be  attained  until 
ne\;  erythrocytes  replaced  all  those  circulatlnp  red  cells  which  con¬ 
tained  rediicet'  FTF  apoprotein. 

In  vitro  addition  of  thiamin  pyrophospliate  cofactor  reacti'’ated 
the  apoenzvne  little,  if  anv.  The  snail  TPP  effects  \;ere  at  first 
disconcertinp,  but  the  phenom.enon  is  not  v;ithout  precedence  (9). 

Prin  (in)  l\as  pointed  out  that  TPP  stirml.atlon  may  not  always  be 
elicited  in  henolvsates  of  rat  ervttirocy tes  and  that  it  varies 
greatly  amonp  different  strains  of  rats  (11).  The  small,  variable 
reactivation  by  TPP  in  vitro  appears  to  be  due  to  a  lability  of 
anotransP.ptol  ase  upon  hemolvsls  of  the  red  cells  (McHovn,  T'.I..  and 
IhC.  Rusnah,  unpublished  observations).  The  reasons  for  this  apparent 
lability  are  not  known  but  are  currently  under  investlRatlon  in  this 
laboratory.  The  narnitude  of  the  TPP  effect  is  p,reatly  Influenced  by 
sanpllnp,  handling  and  storage  procedures* 

Thermal  processing  is  knov'n  to  cause  destruction  of  vitamins. 

Table  3  reveals  that  pamma  Irradiation  is  also  detrimental  toward  the 
thiamin  content  of  chicken.  Flectron  irradiated  chicken  fared  better, 
btit  tlid  not  retain  as  much  of  the  vitamin  as  the  frozen  control. 

However,  the.  destruction  of  thiamin  (75%  in  tliermal  and  paima  irradiated, 
30%  in  electron  irradiated,  relative  to  frozen  control)  did  not  result 
in  antivitanin  substances. 

CONCl.I'STOKS 

1.  Tinder  the  conditions  of  tliese  studies,  ETH  enzvmatlc  activity 
rather  than  TPP  effect  was  the  more  sensitive  indicator  of  thiam.in 
status;  ETE  activity  vms  liiphly  dependent  on  the  amount  of  dietary 
thiamin  ^.’hile  TPP  effect  was  larpely  unaffected. 

2.  TTiiamln-deflcient  rats  were  renleted  with  seml-purif led  diets 

or  diets  containlnp  chicken  (frozen,  thermally  processed,  pamma  irradiated 
or  electron  irradiated),  flo  difference  was  found  among  tl’e  groups  in 
growth  (weight  gain)  or  ETK  response.  Specifically,  neitTier  gamma,  nor 
electron  irradiated  chicken  had  a  detrimental  effect  on  thiamin  statris 
in  rats,  compared  to  rats  fed  non-irradiated  (stored  frozen)  test  moat. 
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TABLE  1.  Composition  of  Diets 


Semlourlf led 

Chicken 

z 

z 

Chicken  (dry  weight)^ 

- 

35.0- 

Casein,  vitamin  free 

21.8 

- 

Lard 

8.8 

- 

Com  Oil 

4. A 

- 

L-cyscine 

0.2 

0.2 

Vitamin  mlx^ 

2.0 

2.0 

Choline  chloride 

0.2 

0.2 

Mineral  mlx^ 

4.0 

4.0 

Cerolose 

58.6 

58.6 

lOOZ 

lOOZ 

^Lot  labeled  "Prod  3"  end  "Prod  3A,'* 

^The  vitamin  premix  was  made  up  in  a  cellulose  carrier  and  contributed 
to  Che  final  diet  Che  following  vitamins  In  isg/kg:  gelatin  coated 
retinal  (500  lU/mg)  26;  Cholecalciferol  (400  lU/mg),  5;  DL-a-cocopheryl- 
acetate  povder  (250  IV/g),  440;  Menadione  -  sodium  bisulfite  trlhydrate 
1.0;  Riboflavin  10;  Pyrldoxlne  •  HCl  20;  Niacin  60;  Ca  -  O-Pantochenace 
30;  Pollc  Acid  2.0;  Biotin  1.0;  B12#  0,12  triturate,  30.  Thiamin  •  HCl 
was  incorporated  into  a  second  prenix  and  added  to  the  diets  to  achieve 
Che  specified  levels. 

^The  mineral  mix  contributed  to  the  diet  the  follo%/lng  salts:  in  g/kg: 

CaC03,  4.78;  CaHPOn ,  22.21;  NaHC03,  1.164;  NaCl,  1.494;  K2SO4,  6.728; 

MgS<K,  2.991;  ‘taSOu.H20,  0.258;  In  mg/kg:  ZnCOs,  37.6;  KI,  0.337;  FeS04.7H20, 
292;  CUSO4.5H2O,  33.2;  Na2Se03,  0.33;  Cr(Acetate)3,H20,  4.78;  M0O3,  1.51; 
CoS04.7H20,  4.79. 
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TABLE  2.  Schedule 

and  Diet  Codes  for  Anclchlanin 

Studies 

PHASE 

LENGTH  OF  PHASE 

DIET  CROUPS 

1.  (Quaranclne) 

I  week 

A 

2.  (D«plecion) 

14-16  days 

A.B 

3,  (Repletion) 

4  weeks 

A,  C-L 

DIET  CODE 

DIET 

THIAMIN  LEVEL 

WR/kp  dry  weight 

A 

Senlpurlf led 

20.0  (non  deflclenc 
control  group) 

B 

Semipurlf led 

0  (d«flcl«nc  diet) 

C 

Sealpurlf led 

3.0 

D 

Senlpurlf led 

20.0 

Chicken-Contalnloe 

Diets 

E 

Frozen  Chicken 

3.0 

F 

Frozen  Chicken 

20.0 

G 

Thermally  Processed 

3.0 

H 

Therraally  Processed 

20.0 

I 

Canma  Irradiated 

3.0 

J 

Caoma  Irradiated 

20.0 

K 

Electron  Irradiated 

3.0 

L 

Electron  Irradiated 

20.0 

V 


I 


TAALE  4,  Thlaain  CoBtants  of  Hoplotloo  Dlots 


Thlaaln 

Bg/k*  vfct  waljjht^ 

as/ke  dry  ucltht^ 

Mean  t  SD^ 

Mean 

3.0  aa/ks  Dlcti 

Froaan' 

1.82  t  0.19 

3.0 

Thermal 

1.68  1  0.16 

2.8 

Caaae  Irredietad 

1.71  1  0.18 

2.8 

Elcetron  Irradiated 

1.88  i  0.06 

3.1 

Saml-Purlfled 

3.38  t  0.08 

3.4 

20.00  ac/ke  Diets 

Pnsan 

U.6  t  1.9 

19.0 

Theraal 

11.6  1  2.0 

18.8 

Caaaa  Irradiated 

12.6  1  1.3 

20.2 

Electron  Irradiated 

14.6  1  1.3 

24.2 

Saal-Purlflad 

1 

22.7  1  2.3 

22.7 

aOMy 


!s>  d„  „  ,fc.  rS^n".  [."  J").  '"■* 


Tw  uaplai  ware  rmovad  froa  Mch  dlat. 
•■saycd  at  three  different  dilutions.  The 
valuot  art  praacocad. 


Each  of  those  was  extracted  and 
naans  and  SDs  of  each  set  of  six 


Mean  t  S.O 


^Indicates  loss  of  one  (*)  or  two  (**)  anlmala  .iftei  cardiac  puncture 


TABLE  9.  Suiaaory  o£  Erythrocyte  Transhetolese  Activity  In  Thl«oiln-Def Iclent  Eats 
During  Repletion  With  Senl-Purlf led  or  Chicken-Baaed  Diets* 


Seml'Purif led 

Frozen 

Themal 

Ganna 

Electron 

Day  of 
Rcolccloa 

Males  •  3  mK  thlenln/k^ 

7 

0.17 

♦ 

.04 

0.17  1 

.02 

0.16  :  .03 

0.17 

1 

.03 

0.17 

1  .03 

14 

0.23 

♦ 

.03 

0.20  1 

.02 

0.20  ♦  .03 

0.20 

: 

.02 

0.20 

:  .02 

27 

0.21 

.04 

0.19  1 

.02 

0.20  1  .02 

0.13 

1 

.02 

0.20 

c  .01 

Males  -  20  or  chlanln/ke 

7 

0.20 

.04 

0.19  1 

.03 

0.19  1  .02 

0.21 

. 

.03 

0.24 

t  .06 

14 

0.25 

1 

.03 

0.24  ♦ 

.02 

0.26  t  .04 

0.27 

: 

.03 

0.26 

t  .05 

27 

0.2S 

♦ 

.03 

0.26  1 

.03 

0.26  ♦  .03 

0.25 

r 

.03 

0.26 

:  .04 

Females  •  3  or  cKIab 

In /kg 

7 

0.15 

i 

.04 

0.15  1 

.02 

0.16  :  .01 

0.15 

. 

.02 

0.16 

I  .02 

14 

0.18 

1 

.02 

0.20  * 

.03 

0.21  i  .02 

0.20 

.05 

0.19 

1  .02 

27 

0.22 

1 

.03 

0.21  1 

.04 

0.24  t  .04 

0.23 

i 

.04 

0.23 

£  .03 

Females  -  20 

HR  thiaain/kR 

7 

0.17 

. 

.03 

0.18  1 

.02 

0.19  ♦  .03 

0.18 

. 

.02 

0. 18 

£  .02 

14 

0.21 

.02 

0.22  1 

.03 

0,22  :  .03 

0.21 

: 

.03 

0.21 

£  .04 

27 

0.24 

. 

.03 

0.25  1 

.02 

0.26  1  .04 

0.25 

I 

.04 

0.25 

£  ,06 

*IU/ni  red  cells;  mean  !  S.O. 
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TABLE  10.  Sunary  of  Thlaaln  Pyrophosphaca  Stimulation  (TPP  Effect) 


GROOP 


MALES 


FEMALES 


DAY  0 

DAY  0 

1 

A 

Kean 

5.47 

1.56 

j 

S.O. 

4.59 

3.46 

B 

Maan 

16.79 

1.39 

ii 

S.D. 

17.47 

4.81 

1 

Day  7 

Day  14 

Day  27 

Day  7 

Dav  14 

Day  27  ! 

A 

Maan 

1.76 

5.53 

5.88 

2.26 

4.85 

2.45  j 

S.D. 

3.17 

2.03 

4.22 

'  3.58 

0.84 

4.06 

C 

Mean 

1.89 

2.17 

5.74 

4.01 

3.86 

2.39  -j 

S.D. 

3.44 

2.84 

2.22 

4.62 

4.05 

4.18 

4 

D 

Maan 

3.20 

5.85 

3.95 

3.51 

4.83 

4.80 

S.D. 

3.72 

3.78 

3.60 

4.37 

3.17 

4.08 

E 

Mean 

2.64 

7.35 

4.84 

6.13 

4.31 

5.68 

S.D. 

3.99 

3.92 

3.15 

5.48 

5.88 

3.92 

P 

Mean 

1.26 

5.35 

5.36 

3.79 

3.00 

4.68  1 

S.D. 

2.65 

3.31 

2.99 

4.71 

3.16 

3.52  ; 

G 

Mean 

6.57 

5.28 

5.17 

1.52 

4.22 

2.80 

S.D. 

5.98 

4.06 

2.79 

3.37 

4.53 

3.28  ::i 

H 

•Maan 

1.35 

4.85 

3.18 

2.54 

3.71 

5.33 

S.D. 

3.00 

3.01 

2.79 

4.95 

3.37 

3.14 

I 

Maan 

4.15 

3.68 

5.06 

3.58 

2.29 

3.89 

S.D. 

4.43 

3.95 

4.73 

5.24 

4.34 

4.57 

J 

Maan 

1.37 

5.53 

4.73 

2.52 

3.06 

2.56 

S.D. 

2.48 

3.35 

2.75 

3.52 

3.54 

2.97 

K 

Maan 

4.37 

7.95 

4.51 

2.30 

3.80 

3.89 

S.D. 

6.03 

4.83 

4.29 

3.98 

4.02 

5.38 

L 

Mean 

1.51 

5.34 

4.55 

8.14 

3.17 

3.43 

S.D. 

2.69 

4.66 

3.95 

6.25 

3.44 

4.28 

•All  atlmulatlon  values  are  expressed  as  percent. 
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TABLE  11.  Analysis  of  Variance  Significance  levels^ 


2 

Parameters 

Food 

Vlcanln 

Interaction 

Males 

Day  7 

ETK 

0.01 

0.00 

0.40 

ETK  Stln 

0.05 

o.no 

0.43 

TPP  Effect 

0.54 

0.00 

0.10 

Day  14 

ETK 

0.37 

o.no 

0.08  ■ 

ETK  Stlm 

0.50 

0.00 

0.16 

TPP  Effect 

0.15 

0.92 

0.04 

Day  27 

ETK 

0.43 

0.00 

0.55 

ETK  Stln 

0.52 

'  0.00 

0.38 

TPP  Effect 

0.94 

0.30 

0.68 

Feraalcs 

Day  7 

ETK 

0.35 

0.00 

0.90 

ETK  Stlm 

0.52 

0.00 

0.98 

TPP  Effect 

0.14 

0.56 

0.05 

Day  14 

ETK 

0.02 

0.00 

0.6* 

ETK  Stlm 

0.05 

o.no 

0.64 

TPP  Effect 

0.60 

0.83 

0.35 

Day  27 

ETK 

0.32 

0.01 

0.94 

ETK  Stlm 

0.32 

0.00 

0.39 

TPP  Effect 

0.49 

0.63 

0.31 

values  obtained 

by  AHOVA  on 

five  food  groups, 

two  vitanin  1 

e  ve  1 9  . 

(Croups  C  through 

L). 

^rnt.  Erythrocyte 

transketolase 

activity. 

ETK-Stlnmlated,  ETTC  activity  In  the  presence  of 

added  chiarin 

pyrophosphate 

co-factor. 

TPP  Effect,  Z  increase  in  ETK  due  to  added  7PP. 
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